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CONFIDENTIALCO,
-MATERLAUS MIE• '.•CAT,":"= -5,_ •'.-

for. WADC, TR 57-4 Table I.

"Matefial .... ; er DesignationN -

Alum• a, high density Norton Company AlunAdu hot p-essed

Aiunjna-chro-in uf Haynes-Ste lute Company M• .,,l.cera ,- L.T- 1

Alumina Coating A Norton Company pok•jd. "A",

"Alumina Coating B Linde Air Products lam-e LAZ
Company

Alumina porcelain Coors Porcelain Company T wp. AB-Z

Boron-carbide Norton Company " l•oide

Boron r.itride . 'National Carbon Co any Type GCH

Graphite A .. ac.pole (Carbon Comipany Grade 304

Graphite B Stackpole Carbon- Company Grade 469

Chr miumzarbide-nic&l Firth Sterling, Inc. Grade CR-Z
0 IJ0

Cobalt-base lloysýA° HaynescStellite Company Alloy No. 3

Cobalt-base Alloy B Haynes Stellite Company Alloy No. 6

I1rou-baae Alloy Caynes Stemlte Company Alloy No. 93

Nickel-boron nitride-mifao Brush Beryllium" Company Lot HP-IS7A- IA

Nickel-mica Brush Beryllium Company Lot HP- 113

Stainless steel Carpenter Steel Compay A r51 440 C

Synthetic mica Brush Beryllium Company Lot HP-Z35-l8-AN

WC-TaC-Co General Electric Company Carboloy 907,;

WCplatinum 22 Kennametal, InC. K r

Zirconia coating Norton Company Rokide "ZT,"
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CONFIDENTIAL
:• • •' MATERIALS ]DE;'. -.T•;CAT" 2 •"-?••'£...,. ...

for WADC, TR 57-4 , bie I

Matefijal - Sjpir_____________Designation

A lumr, high density Norton Company, Alundur, hwt, pmoved

C Aiunjin-chromi~un Haynes- Ste llute Company Judetal-cera_ . LT- I

Alumina Coating A , Norton Company takide "A""'i

0 Alumina Coating B Undý Air Products Flame coat.. LA-Z

Company

Alumina porcelain Coors Porcelain Company Type AB-Z

Boron carbide Norton Compaý Mo . 4-bide . .

Boron rnitride 'National Carbon Company Type GC..f

Graphite A StaCkOle Carbon Company Grade 304

Graphite B ta.po Carbon Company Grade 469

Chr-mium 'arbide-nic!tl Firth Sterling, Inc. Grade CR-Z

Cobalt-base ULloy"KA Haynes Stellite Company Alloy No. 3

Cobalt-base Alloy B Haynes Stellite Company Alloy No. 6-

Iron-'baie Alloy CHaynes Stellite Company Alloy No. 93

Nickel-boron nitride-micac Brush Beryllium" Company Lot HP-i157AalA

Nickel-mica Brush Beryllium Company Lot K?- 113

Swainless steel Carpenter Steel Cmrpa4u AMI 440 C

Synthetic mica Brush Beryllium Company Lot HP-Z35-18-AN

WC-TaC-Co General Electric Company Carboloy 907--k

WColatinum Kennamrietal, Inc. K-O5I

Zirconia coating Norton Company Rtokide "Z"
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A LABORATORY EVAJVAJTION OF SOME CERAMI&C AN~D CERMET Q ~
cMATERJALS FOA BEARI?4 AND SEAL APPLICATIOI09

AIRCRAFT AUXILIARY POWER UNITS AMD
UJQUVD ROCKET MOTORS

IN1TRIODUCTION

in recent -years the demand for higher flight speeds and greaser per~Semance of C

military- ajircraft has forcod t1W Operating couditin of Many engine Compounens kriom
the capa"t ad con inmal into"rias. The recent Uechmlogical admance in high-
teni~arsatue eaginsering motrials has* es 'tremein~s. Elsmever, as the tem~perature
and corrnoivei"Žns of the ewwirements in modbern aircraft power plants has iscreased,
the materials used for r~ubbig wear counpoinmm in. seals and bearings have become
particularty Critical. Ef6ort Wo cool these Parts and to isolate them fromn corrosiw C

flaids lave merely served to reduce the' efficiency of meckanisms beolw. that Potential
made possible throagh the une of maodern, high temperature, stroccural alloys.

Is order to assess me 'present state of. material 4evelepment for a'=ca" rubbing
'wear appticatioms, a survey of 34 users and manufacturers of bleauinss, seals, ceramic

uisterWaS, accessor4 eI'-$ and# aitrcafi engines weS conu"te (ft Wne'-feca
Depart Plb. 121, dIated October 31, 19%). It ,fsn 9. that, alfthongh amus indetedn
res&arC&,uegrax&& arm being as~n Wis~ tawbme power~ plant iam shaft bearings
and seals, the research effe for accessory eqwi ef and rochet applications is
'irestrk~ted fto the 4qlbo -- - tact*:rers~whe quie ussuaully, 7 Ye comce. -d 'With the
*olutiom ~i L'Athir immediafte barliit;nd sal prohi~m". These groups are the mn-
fatturers 41 axreri. >s-aaN* poesr unitse (AMU, aircraft accessoris, and iochet
Mawor liUVd propellant ponup.. The euvizmwaal condtions for hearing awd SeAO
operatios in these appicationsi are vurind and streenuous. Thwee. manolctne'ers reqsmre
assisbance im the develiuPuuiet of itzvialo a)ed designs for their beariog and seal
applicatiosm if the increased perfiauace if Awene'aiechaxisoas i.z to be realizd inthe.,~
nar future- ( "P

This researc~h program was initiated an the cirrest Carl"ct-to psowide a
prolimimery istudy of a few comnoercially available ceramic and cerawt mazersals in

som f thaL-eovir6&mm..ts ttka i. &acww b harifts and seats in APU 3ad reclit
aMlcaiu. The effort devoted was inteaded as the beg-Ladzg of a

progrm o materials development and evawaiinia to fill thin 'uitid is htcnooia
advaew~'ent of aircraft power plant sysftem. -

EXPERIM1EW7A PROCEDURZS AMD RESKLTS

A seiacted nwobr oF materials have been evalualed fer high-speed rubbing wear
an corrosioe resistamnce is ordfeen nions choser. t represent a crosn

sectiocato the, conditions encoamtered is 'te % Winity of the bear'ings and serls mn cntrr:ýu
and anticipate APU and ulsiqi rocket propellant pumps,. Thea'. euvitr6Uom1S were as
follows:

WJDC TR 57-41
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(1) 200OF, JP-4 jet fENelA

x(4) in ga esnilyaru o016(f F, inhibited red fuming-nitric acid (IRFNA).'
Highspee4ubing 6arevaluations were conducted in tLi first, three of these environ-

ments, whi'e the expewiments in the nitric acid were -tiniited to the st'atit corrosion of
selec~ted materials.

The temperatures of the liquid fuel environments wre the inarizaum that could
be maintained in the apparatus without ezcessi-.e- evaporation.

l.big Wear Evaluations < -

Clescription of Apparatus Uised in Rubbing Wear Evaluations

~The rubbitwg wear evaluations were conducted on a piece of available. yp&7.r4t' Lu
that had been modifiad for these experiments.'-A photograpb of the equi, mne;* is shown

caalofpidepedupt1600rm Anaatrwscntctdotain Figure 1. c~his apparatus featured a high-spseeI spindle tad timing belt drive

fousr inch-diameter, washer-thaped spe:imeni of a' -pective seal'material ciould be C
mounted on the end of ibe spindliý *ad held tua letss An 0. OUI-inchtotal indicat~r
reading ran-out of the-front face. Three, one -half-inch-diameter button, specimens o
the mrating soal material werepmunated ýn a holder and lapped so :ht Zr~.lc were
all In the sains plane within 0. 00001 -inch deviation ac:ros.& their contacts igq nuQfaces.
The button specimnes in, thtir holder were mounted on the "'n of another, stationary
spii!'dle, throughca self-aligviag, ball and ss~cket joint. Th.ý lipped faces of the buttonC
specimens preastied agaiinsit the front face of the rotating washer-shaped specimen.

- Thus,~ the contacting surfaces vere held parallel to each etheir to minimize any fluid
wedge action, at these ourfacem. 'The resulting flaid !ilm thickness should be in the j

-. same order of magnitude-as that ,found: in face-type ijhaft eeals.. The rubbing, ei~riace
-speed betweten the specimens was about ZOO- goet per ziocond, which is representative of
,;h#, surface speeds in most APU and rocket roea*pump face seat and sleeve

This method of material e-tialuation was chosen~ to stimulate as closely a's possible'
the type of rubbing wear that is encounteredý iv face seals and, ar the sam~e timne, to
atilize small specimens of simple shpap that can be fabricated easily'from la variety of ' '

materials. Of course, a more, exact ev-Aiuat-_rn of seal rmaterials-,ora particular
applicati~on, would be accomplished if actual seal components weze'fat-trIV-aten rom. the
prospective materials and we~re evaluated under service conditions. However, :by
ke-ping the s,'eciment simple in shape, thei evaluation of materials that wnuld be

WADC TR S7-4 2
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an spc o$C -8 rihut ;p

1.Rttn pnle ; L-uhng ie) mto

4. Statshery speimndI sp6indl-amer guide

5. Test chamberý, 10. le-straining arn? ;or mneasuring
* friction torqae.

FIGURE 1. EQUIPMENT'O RTHEýRUBBJIIG WEAR EVALUATION OF
PROSPECTIVE SEAL AND BEARING MATERIALS IN A
HOT OXrDIZING GASEOUS ENVIRONMENT,

WADC TR 57-4 3
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difficult to fabýricate AtMLrjo weal r~ings cani be accomplished much more quickly and
economically. The &*UPIPnment' sated ~nthis program wasn designed to occreen materialsý,
both commercial andtzaoeaer-- meuntal, for their rubbing wark charvcterisfics under con.;A

*ditioaa simulatia tb'f91 f~l.- WOico in face seA40,

The stat osavyB$P~loadi a which Oh b13$PR speb~n P eld, was amouted

~iwfceeof he p~c~lW~u. in # me~s~ I w..st$ ball-
buohiae is geah&aw~III ~f~ Mol aWy. wfli vovp to Rjse #%09mary

.psl.The be Uf h- Oft bS~~~W, 0#~s V gl9 h

air Pvasouri he a M$41l1S11C W ti het 4W * atache t" fthe br~e 0*0ý ri~p w" pressed
against the 'rotating Iuilnjoles ho5lasig. C

The ends of t*,twi two Mba"Ies, tegObe Pb VW* uaclamee w me in a
timt cembanw into hh @'io ijtIdn4 qqpd,
JP-% and JP-4, wovi PI' - "Ibps~d in & jet ". ft~ww ftub of She wips*4g- "*spat
a flow vat* of ah'oet 44I.lpouins perWWW. I" * 0w" *uffcieo* **-It*b the ~
toftftetftg suvface.o ISI'ind thý- luid aP4 to n"#isa hom~yP sas t, in the t*44 ob55)ber.
Tlw, hot gaseous *Vv7Mwtu~wsazmt was 1"ýVue hkr asa bia"er Wmisl* to-Olime"IAhe
camtbstiou section o, t ~cat stmsep wpa".Aps lopI u this
burner is she,. in PAMIffe 2." Whe )whut0# c.e-PrOOMsPL at isrAl p., "04.ir
Wee mined with adOOPIMMI - air in thi o bw wa" mov iefltedaaco into WO chambe r

Ibrught~eaidah~i~ lal ~%uc I..ljo 0000 th"'Ut e*was in tuis
measar sial.adeted th k ,w Muasnmphwr. isthe ftw~fte selo . rbins *oea h

slight reduction in th ov enyinsn c=ostspwosan ibipef wea l air 4W4 not effect .aprsciablyf
- th oxldi jag chayac#**Iei dwciU'tthsSr

Dwscription of Test Iw~rtedurem is !.W"aa Wear W ais

The specimensof bt Of rw'Pective seal materials were arepared, by grindir lapping,
and. lead lap polishiritthi tie ýubbiiag contact surfaces to the best finish that could easily
be obt~ained and to a 481kSIMSin Of less than 0. 00001-incha deviatio. The composition
and properties of the"~ ~atewrialr that were studied in thist progruma are listed in Table:- 1.
After assembling thenj4 zaitewrialm for each wear-valuation in the equipment, the
spe cimens were bro ,4WUht W=U contmct under a nominal load pay-coure of 5 psi ou the
contact area; the en0I? uwttnnm&nt fluid. were introduced and the rotating specimeon was
brought up to 4pood. 71The WbrictiOn a~t thO rubbing surfaces was moaftwored carefully as
the load Ywas increa~i Winm 5-psfZ incremnwts to ZO-psi contact pressare. After an
initial increase in fr~ciatio fofllwwing an increase in load, the friction usually. settled

-A-- to a steady-staO v se valtxa tb~t was somewhat higher *ban the friction for the lo-wer
load~level. The loadVW aii 1=01 imcreased.again until this steady-otate value'-had been

-ýreaciied. The evallwtIttins in thne hot-air environment were started at about.400 F air
temperatu7-e and 5-pilý'Mtaicttit pressure. The air temperature was increased gradually
up to 1400 F before ASMazte -Inpt was imade to increase the load pressure. The specimens
were operated for or; Wiie ou= at ZO-poi contact pressure in all evaluations unless a

by an abrupt increastrn 4 fr ictioitand noise.

WADC TR 57-4 4
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Results of R~~Wear Evalsoto"

A swoniry of the high-speed-rdbhirag wear evw:aL~koss ii ;ee.'.med is TauJe A.
intme weigpid environmens, JP.4 jew-_' eeMl sa" jp.-K xýc feel, the W'V hioeerF I ~isties of a selected augrof bii-ia~amin" wahr spci*Aiames osf Imabmded

AIM 440 C 3taioies s~ee were *awaLuw. This slowl me -eelacid assa commo osar
component in th liquid ol.uwraosinc itw %#~ ftiq~wqlly used Urt parts in AVV-

adockat Inges msnoebaisams -tha requize a harene cumv,ý'Sissk- ,aistaast oiutia:.

of the praumpectivie seal nuslo4s4 tiiat we re, stealed A% the JP-4, a bodo Wj ni~~atride, a systboeti pafr, axi tW* INIfta-eOaraMAIMg ~ were found to boew
f riction and wear prppertle.at usea a* fawomb. as- a comwestiemi gahi. T'w
best of these, a beroeaa"ii t~d~r ansd a niciw-Mite aroueme, wosb" s a.I*" that
the w~a trook were hardly vivAle as the spectmsss afto tt~i: evaluationu. An

eprizoext with a re witvUar-res slaut an"e mwealed an M a-er IVi~
low' 00filcielot of f ite o this testrian- ronbi-ag agatet a*e Stvjsess steel J& JP-4.
Hoewever, as shew in: fige 3, Mest'ace dmag out the..ese, oms wa"uese

Pth poorest cuinaoI APatlm ewaseteK is thesleqi thtir.. wWhsrfc

Twois as the mateialse in *fi **wtio i m-a ave agigated io the P.ewironwu lwer iri-

F thduing nom al rohertlf... The sortaw nitdemaeriauld s^m ocdcurrieade suring ce

podcinat lav"n deposit.m Cotheg stries Owtoely 4-qnwas thaaho fafa sid~gm ahi toft

vwea in thA*e* AP- pbo45 map% of thet operainass atim thethey iorrwed in the aJP-4n
Porcelnain iss*i.- in Facturte 4.- carom the szasibite vafe ficthen andpi pum to"wa
the Pon st r oabidythant further e ezsinsuthe thuis iudwt h peetpm

Two ofe lthe ratrial evulmae ms thaet wee afde, the flew rae ftherowpeat feel wre-

711 thi own rohot fol. The oron athie mazril uf therd spcms idserialisuhw

(anW~ag dheepaositis aon vthe stialz atheel oziisugb gasoua asg eu~awsnats ofl m

mercol be awsue.hi 'I%& giapitz carbidenbtts. icrred;bimg agarfas& . g a ndi
weaintheJ- n4~~x& of epoimu operateng witn ~aetuure bug eaugo they inuredmes tae to he
In t 1200 mi7t. lI&weve', the J- cue time emirmaalepbervaners =a te spasepum to140F
the& srtom rosedl toiu 055.~ experiet aot os tinut ofui opautith presn aum loweorep
ctatpressure is In40Vaw the t"eauain ta erei~ zoad tricti'w rasme o thdel roktfoa 0.94
sondicatn C~an posshighlyt i~owshea Irthe wat o the specimen sracers.abous3

seOndfe- this eawosu con retes is rithe n both tnly reaOnepe aeadtebts
spe ofea shtee wcuingthea inmetjiae itlue lon d enougthefo tqhine to Pssibtoly
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CONFDENTIAL
TAM 2~.

I~w a, Ve Snteabtim

IFt UiwelK Material W**ia N K Va m

1'Oxlnhg A,, wfhi coaft IonS Nickel-mc 0.6 1

tpto 400

O"IZln Alinwoo pacelia Doma csbdek L3U
(amtdafy it). C1

uap to UN0 F -

(0p Al eck eaprimcat dwie. boom 4whoism0 w~ef bed agalaM a soau" wean **CUiaa. so tha the, c~gihe
wimiparm1 to eacdim u -n. The tithng d va200 fwepese sn4L

(b) FaihWm ws indicated~by a Aaiýt ime in the frictlownssAnd none levd before ibe V-winmu ccd be T-;-"ee one bowa as

(q) -nn mazdamw Iioad ptem Wn dk e~atima was 15 pd.

C,(d) k 4imbWd~rnamow.: of rocket him) wrA aslapied to. the taWb4* 1tca Atarg theie eva,,i~ftm9"ace *his alid cwsd,
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exasievelU de~abtevss nAc~~Qp~
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the thermal shock from the frictional heat generation- imposed emdes*Nive stresses i
the ceramic, specimens.

In the otner two rubbing wear evaluatlons in the ho t jgwer eAýit m t, the
specimens alsn avhlbI#*d p•e;"•..t•t"ar ftee feiureid, Oltboaa S~ were at loor
t*rnpe rat-ire a and were not as vtlhet a0 its the evah6l'Ii,, JosetMar". vn
though the temperature at the-environment in thf,- :-ýI x -
resistant graphite rubbing *ga.'lnt AIN 4:" C i.L ,lt i Ulilm S ,
the wea r and surface damage that 04etmad i4wfl,. taKodiftaifmt would not
be•desii•'able i-i a seal. hi the evaluaVei a the gi Wtinst the Aluina
Coatin•, B the coefficteit of frictiost lcltld sialg f • two i. a to . 51 amter o=y1
90 seconds of operatIon at a lo•d Pesme of 5 pal.,I aMI I at Coad
operation, with the fried" oscI eu4 .i elyf t frI 5, e the
surface damage shown in the Vbvtb w FIgure '

A liquid-rocket-motow P""Um lo boev am Rawh' d- is the onktser,
inhibited red fuming nitric acid fMRVXM. ?reui a ls ofps emdt. materials
fotý seal and bearing aplctos etI idd Iaen w OON.. an given a'
screening-type evaluation in 01YW 5 d wWch AW • be elimirnisl
from further consideration dii to mshe 4/imh t • t 0o0loo medinm.
Only those materials which v~ire thus~d W~ae 49iI pý~a sfasilg l~be
atta:.k of IRFNA and those which rpssea*l a "nerd e , si avaiCabwe

mti- a ce rme es, or al'lay, were fsetu for these, wre OwIes.

rt yaruationa ptamleied *tý 'i*och hbe" be';z 4 0ev cowlaicted and

and Mather). In tbies study, -twi -,-rels spezaa to ~ u I3P'NA-.i aan
autoclave for six days at 140-i1 P. "- C

Apprezlimate~y 1.5 iieewA at nUWA was soppled in as ali~nam ceaslaimr by
"WADC for these expertineats. fydreauodic acid is ths ass* m int this acid,
and it is added to inhibit the corroseis of tr stailaess sMeel a=mi dumluma coeature
that are used for storing red, fming nitrie acid (&oe WADC T1 Wi10, Phelps, Lee,
and Robinson). The analyeis of the acid which was wsppied is csmpsrud with the

Military Specificationxfor-Tvpe n&.-A#RFS in Table L.,
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TADLE 3. CCsIPMST1O1 (? !INA

Stock Acid MLK - 7Z5Sf (WSAP1,
- ompommit per cowt per cent'

H1M)3  8481.3 - ".S

-NOS l 1a.0

iI?0 3? 2.5 o44

Ash 0.03 4. 1 now

DeacriptLoM at Apprates Use# im K'~ j!

ezpesaxe period.. These. were am I I Itu S"IWhen, aeeended.
Two of Ohe.. wove fitted wt ma~ew~e h~ lnt
of geatnimess ofti praessre tudAM& By ~WOaNOWt~ ut.
after the cap had bees threaded.t the 40iW, ihe flased end of the rp,.s"W-. tobing
could be drawn UiO the T~e.lm P10n mrVauadft it agaimnt the T*Oe.-*jd wail
of -the. baftm Thin formed a slay1. 5zCin.4p ee.. which teed! to sent betner
as niowwpi esw is exerted wiAld " bom. A tw-ior stelehsrv,"O i Vmatsuz_.
valve ims attached to the end of the pommes. tclAng., Oe sWW9 from this walovae was
used for fML~af ama bleedig ad esesee wees-uar from the boamb TkheLI
connected to a 0 to 100- psi somialoss oft"e pimesure g~s. Time preo**.*" u ~
abeU"n the gage t& the vaiw, w" a* Jamt a loop. Thft ley,. -,he "ztkally filled withi
KIl F 10, a Ilmorolube 041., serwed as a trap so prevent One big~y eotrrive vapors,
fr. reachif thes mechanaimm of t gmp

This- a&tenably was exposed to JRVIPM at I140'y with e speclamens present.
Subsequent amalysis of the acid for r oppr sd anickel showed, by the absenee of both
at these eiesasat, thatno alteak of the Mam wall* ad dhe &abclave had occurred by
acid leaching through the Toflmi-Ner.

The corrosmon speciumens ware mmuuied *a*e wsod bodsons, I1 iZ nch ma dinmetor
by- 1/4 Lnch long. The ou, mvwpkiea wee the alsnlathromilm specimeon which was
irreguarlvrmksaped but ad apgaropqristely eqpiwslent dhoaeious. Omface of each
inpeciumen was tapped to a high finish to facilitate the exanmaitom ad the c"Orrosive,
surface damage. Prior to espesere, all specamess we"e cleand with I 0-kc snick
vibrations, using detergent andwate,, anadthoaeaoesdvied amd weighe". Special
holders cut fromi Teflom shoet were used Isholddthespecimnens submerged in the acid
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Teprocedure that was followed cousisted of placing four or fiveres un

wighedj specimen , in a beider ikuside the hemblh. "a hava was the. seald sAd
pW~ m-anelaictricaiy heated water bath. After All tile tWhg cmctiem bad been

system0 90 was ev"acuad and allmwe to at" "M it ~a certis tha a aged
goa bd benobtained. Ones this had Ie. .stahlishe, 40 VnI ON MVMA was add"

by means of suction using a polyethylene i~se1 asod tae. ?be syse%= was mogned to
assure a starting Pfeseuire of one atmeslirs, and then it was cussed. Tim bath was
heated to 160 andhboldat ths temperature for six days. it low pecismmsware

__ ~~cation ci the amoent of convaosi taoln place. b therabseseeagg..ie"UM, a Prues-
seire of Z6 psi was reache*& For the reasemal~e asew al tarreesio tb2 occurred
in the first two bombs, the pressure rewachd 40 to 50 psi and-ia tow bomb contaiaing
the 1&2t five specimens, where corrosion was decidedly saeres, tepressure reached
100 psi after 1,days' exposure. This bomb was Wled vail the pmessure was 35 psi,
but it climbed ,!1 64S psi before the sad of the test.
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TMIXZ 4. WSML? OF WflUSAM COMUUWS ii 0V PAMMUMY SALL

~.~1 ~pe comm of_ -. w ONO ASO1 Chofees

wc-Th. Ce 9.1 .. 34 46. 3 *ety sm~en .eb-
WC.$a~uw530.3 4.60 186.S .16Wf moie* .4h

Boras carbide t * 40.60 *A6 $.0w ICdea,4b ea

&fsy,*tlc UAt 1.9 4.046 64.9 -*'ai i
Plickel-viate 26.9 -0.61 41..?ý asi.e4 de" a saw* ad ph
1bis&-d..AI-yaime 0.1 ý4J3 4.5 c I;6 0 I4 togrm e.wfbw

Zircaema aw4 a. Alh 44 C 9039.2 -0.49 m0 -45 1.pinw1-

£31 046 C aiofldte, gust1 291.3 *5.af 3MA -0.36 , u1644 a , JA
CI*AH -boeMl~w A - ,- 40.1, -4.5? 433 -. 6.1 *0*, -I g" "crabSch
Coaelt-beae AU~lay3 K 18.4 .0.27 iq. *.28 uiiO .SS
ýrlya-bave Allay 16l"~e-411 te.* .33.76 sofa"nsago&#

Nt*at The arom-b~a'me elk",~ AAR 440 C otantee sieal mod Im-laee AUmy C. were ozessewiely ae kT ek
accurred ka a moino sumer so *0 wsecome we"e *0raomui" wails fti dkawmeha vinmbd Itemein bnr

The arerage area per ipecum was about 1.60 a m..I

The cpeeinissii eA" selected prapertgen ad *0 ha artwsse utest in. TS". I.5
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At the end ofE''th exposure period, the-bomnbs were cooled, vented of excess

pressure, and op'ned. Tespiecimeas were ~thorougyly rtised With water a"4W3
dried. The specimens we re waigheidl, tal cleane4l by ! #k ovdi wiv#4ie*Mssia dseot-5 gent and water-to too-elm any particles or :oPrrosiaýi pioductt vWbit eculAd be remewed
by ascrubbing a'Cion; then, te eerwih~.'

The results of these screeniaf.-type evalussitos are giveit in Table 4. Sim*e the
expe riments were de signe6 only to select the materials which ar* practI^aly Wwuaqcked
by IPIVA, the corrosion isie*~prvscd --- poreentati' c hug* la 'weigh fr.-n thme

K>original weight. Pbrom tOnse results, Qwldappear that broav carbide aid Mog-
density alismina show the rnoot pmse as materilaxfor sea and heari*g aqipatloin
in MFtPNA f rom a corrosion sftaspoiat. cit is possible that tde wbsC* Xtatig sa"
resultant str~lses arising frwom use ot thease materils as be~ito"i a"d "eas im**
alter their corrosion resistance, to.,a ~vensiderebl* extent. V'ow 0"i reason,, it mest
be remembered that tho se a"e acreenisag-type evaluatiesis andi vet be fallewe4 bpi
tests in which the matervial is serving its iatended t1~e is JIRINA beore a pwscise
picture of the applicability of tiumes, materials ciAb~t obslused.

Since some missile applications do not call few protracted exposure of the
rocket motor to the propellants, it might be well to conesider for teether eawleatioa
somec of the other materials wAich !m:e only slightly aftschod dewrg the siz-dmy
exposure. Sumch materials as aliwaina-chroendum, sy* ei miaIho~w~crie
nickol, and the c& -base alloys might be 4tonsidered, in th, order i~n, We hi
Category.

DMUSSION AND CONCLUUDI6 K

The preliminary results that werz obtained is this Pirogwm in the bish-eseed-
robbing wear apparatus corroborates socswuasa eh.ý ma erials-canmpatibility inier-
mati~ni from field service ezperiev~e tbat was learned'is the aloreseM d survey
The satisfactory behavior of mica-containing -materials in senme liquaid envirouments
and the abrasion and excessive, wear of alumina porcelaimwitb itself amd wift staialess
steel ini some applications was substantiated Ly the experlionntal results in Otls 31-4
enV~ironment.,: Also, the superiority od the bworo carbid* wursuz alsnsaa posmelais
coambisiation in The hot gas migh4 be expected in the ligh of sesmn field experies"n. It
ww~zd seem, therefore, that the equipment and prorederes which were- developed and
useZ in this study provided arialistir evaluation of materials for seals and hearings
in ai rc: raft accessory equipwment -and rocket motor applicationus.

Several materials performed satisfactorily in the rulbsnag wear experiments that
were condm.~td in .JP-4 jet fuel. Since this eavirou mmt did mmt appear to present any

P- ?rnig materi~ praolems in these evaluations, it is possible thst nsaterpls are
F'ivtaiable f or most f zrire, as -well as present, buaring sad seaA appi~CaiWu* in this

fIaiG.Cd

- However, the cv- _ '"enuta results indicate that the future use of .JP-X rocket
fuel and nitric acid oxidizmer (IRF-N-'in missile srstem3 might inionsify the materials
problems in seat and bearing commip-mern." that are exposed to these two environmzents.
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The graphite and boron nitride materials thatlweft successful in the JP4 evalustioas
suffered mn appreciable amount oa surfaee damage and wear in the JP-X. Evidently,
the JP-X affected these materials in such a way as to seriously hamper their lubri-
cating mochaniem s. Practically all of the maerkisa that were evaluated for static
corrosion resistance in the nitric acid were aiiacksd to some extent in this strongly
corrosive environment. Gross-.corrosion of a material would make it uaeatisfactory
for bearing or seal applications from a structural vis >,it." Evesý sligt indications
of corrosive attack are Important in the evaluation of robu•hi wear materials since the
chavacter d the surface determines its •rictitm avd w- properties. Wear aed friction
may increase as a result of aurfae rougbening by the corrosive action. Also, rubbing
wer can accelerate corrosion by rentvi the corrosion products and presend"ng a
fresh surface to the environment. On the Other band, the elk it amount of corrosion in',
some ol these stast p~qeriments may indicate the preseoce of a snzce reaction, that
bojief ally vrould contribute to tdo labricfem, at of te material in a u~nvuewr similsr Asto ia
in wfich oidle films preven+iet -, eweo welding and scoring of some meotals (. .lrst
and 3. K. lAncaster, "The fofuence o f at& de Lubricant Films en the Frictiam and
Surface Damage of Metals", _Pre!E s o loyalf dtc!M t of Vol 323,
May 6, 194, p 324).

The data from the •pertmenstothat were conda.ted in the hot aidlsaif gaseous
environment indicate, the sverfty a this atuuiosere on the rubbinS war performance
of the materials evalutaed. Apparently the camlined corrosion an# beat effects 0e-0
sufficient to disrupt any surface iumrication mnwcanisms that miuht have prevented
excessive damage and wear. The incorporation of rubbing seals and bearings in hot
amid'ingj ses will probably be drIa•pd by the lock of suitable materials.

It appears that in the three uusual environments, JP-X, nitric XAcd, and bu
oxidizing gas, the usual me.•kasm of lubricatim and wear resista"We in seal and
bearing matew-a~s might be adversely affected hy the corrosive agants present. A
more thorough understanding of rubbing contact iuhrication, 1L.e. I, the mechanism by
which material snrfacesare kept separated gh during rubbing coact t

exce ssive wear and abrezasf, is assaded it zuatsrialnaw tobe c'lp ot varietY
of atmospheres that are expected in future aircraft power plant systems. It in -epsible
that entirely new mechanisms of surface fr, generation and maintenance will have to
be developed for each of these en opefully, prospet.v* seal UVA bearing
materials might be designed to operate in these fluids under the protection of lubri-
cating surface pheaomena Fimilar, perhaps, to those FVmd in extreme presure films
and Iayer-lattice type structure materials (litk*ephide) in conven applcations.

RECOMMEIIDED FUTURE WORYff

The velopment and fabrication of new materials for elevated temperature and
corrosive applications has increase i tremendously in recent-years. oAwever, very
little effort has been devoted toward the tailoring of such materials for rubbing wear
applications such as are found in bearings and seals. The mechanisms of wear, -

0.-,
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lubrication, and surface f-ictiou i2 the extraordinary environments sur rounding some
APU and rocket bearisW*,a-dM seals can be quite different from thore oa disarily
enco•usered. Such env irosmnetal flUW might well disrupt the regewrative anech aasi
at wartace films, fooq& to be so inmpertant in the lubricwion of sme materials, laving C.
a layor-lalttice-tyje structure (V. ML Johnson, 'Investigation of the Mchanaium of

~4~bmu~ ileLiabritcatica in Vacuum-, Jora ýidPyis Vol Z7,
October, 1956, p 17A1. Miatersals of this type of structure ,have be" successful for

many years tn scal and bearing applications tgraphite), and effort sbould he devoted
Toward the adaptation of similar mechanisms of lubrication to elevatwd temxnptraare and
chemically corrosive enviromaets.

It is recommended, therefore, thatan extensive program of m .teriaIr evaruatl
and develotpmnt be initiated toward the solution of these unusual lubrication probLema.
Me APU and rocket motor mandactorers needematerials for bearing acd seal com-

ponamesisieqeuijnieatbtat-isn being developed. The wear ippllcations In antaic-
pated ,future power plants are-expected to be even more demanding of matersals. The

*chucaogical, advancement of lubricants and mmaterial. for rubb'ing vear compasments
he. lagged behind the general aircraft power pLant improvements of recent years, and
it threatens to mseliusly, haurper advanced design plans for fatr aircraft.

The developrint of tbs rzuental apparatus and the evaluation procedure for
the roipartsoa oi prospective seal a" bearing materials under coitions of high-
opeed robbing wear has been acconipisbed in this program. A comparison of the
emperiametal results with known fle*t0 experi nce has indicated that the lubrication and
wear c€aditions in a fxce-type shaft sea have been sulated n this equipment, which
otiies small specamnws of simple siape. T1hus, the wear characteristics of saterials
oa which it would be difficult to fabricate into fall size seal rigs can be evaluated

quickly and economically. The stcdy of tbe lubrication and frictioal phenomena of
experimna-a materols mwhr whigh-speed robbing ar in elevated temperature
gaseous envircmznents can be easily accomplished with this apparalus. The robbing
vear evaluation of materials in the moere corrosive liquid evnrotmets (1?-X. IRFNA,
etc. ) cau te. co•.cte in a similar apparat.s tha•.is siwu blv a aed for hadling the se
liquids. Since. a program for the study ad protpctiz'e bearing and seal materials for
operation r the euvirumu.al conditions encountered in present and ture fair- "

craft accessory equipment and rocket motor applications appears to be both feasible
and profitable, the initiation of suck a program is highly recom.veAed-

(Data for this report are recorded in Battelle Laboratory Record Bools No. 9400,
page• 30 through 59 and pages 6Z through 68, and No. 11342, pages 4 through I1,
incluasive.)
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